Segmentation of 2D and 3D Images of Carotid Artery on Unified Technology Learning Platform  by Hemalatha, R. et al.
 Procedia Technology  25 ( 2016 )  12 – 19 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of RAEREST 2016
doi: 10.1016/j.protcy.2016.08.075 
G
A
se
fo
ca
us
re
D
Pl
ul
©
Pe
K
A
*E
lobal Co
Segm
a Depart
bstract 
In t
veral being
r cardiovas
rotid artery
ing thresho
moving foll
ev software
atform whi
trasound im
2015 The A
er-review u
eywords:Com
phelion Dev.
-mail addres
lloquium
entatio
R.He
ment of Elect
he decade 
s. The imag
cular diagn
 images and
ld segment
owed by m
. The segme
ch enhances
age and det
uthors. Pub
nder respon
mon carotid 
s: hemarcha@
 in Rece
n of 2
T
malatha
ronics and Co
cMa
of technolo
e segmenta
osis. The ob
 implemen
ation techn
orphologica
nted results
 the speed 
ects the pres
lished by E
sibility of th
artery (CCA)
gmail.com
nt Advan
Tec
D and
echno
a*, N.San
mmunication
hendra Engin
dMedi
gical advan
tion techniq
jective of 
t in Unified
ique for bo
l technique 
of 2D and 3
of processin
ence of abn
lsevier Ltd.
e organizin
; Unified Tec
cement a
hnology
 3D Im
logy L
thiyaku
 Engineering
eering Colleg
scan systems
cement, the
ue is used t
this paper i
 Technology
th 2D and 
can be used
D carotid a
g an image
ormalities i
g committe
hnology Lear
nd Effec
 (RAERE
ages 
earnin
maria, M
, Knowledge 
e, Namakkal
, Chennai, Ta
 image pro
o eliminate 
s to compa
 Learning 
3D images
 in the dev
rtery image
as 120ns. 
n carotid art
e of RAERE
ning Platform
tual Rese
ST 2016
of Car
g Plat
.Madhe
Institute of Te
-637503, Tam
milnadu, Ind
cessing tech
the comple
re the segm
Platform. T
. The pre-p
eloped segm
 have been i
This techni
ery earlier d
ST 2016.
; Intima-med
arches in
)
otid A
form
swaranb
chnology, Sa
ilnadu, India
ia.                  
nique has m
x procedure
ented intim
he intima-m
rocessing o
entation al
mplemented
que will he
uring the di
ia layer; Thre
 Enginee
rtery o
, S. Sure
lem-637504,
.     
      
ade it pos
s in the ana
a-media in
edia interfa
f the carot
gorithm wit
 in Unified
lps to impr
agnosis.
shold segme
ring, Sci
n Uni
shc
 Tamilnadu, I
sible to sav
lysis of blo
terface of 2
ce has been
id artery an
h the aid o
 Technology
ove the app
ntation techn
ence and
fied
ndia. 
e lives of 
od vessels
D and 3D 
 extracted 
d speckle 
f Aphelion 
 Learning 
earance of 
ique; 
 
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of RAEREST 2016
13 R. Hemalatha et al. /  Procedia Technology  25 ( 2016 )  12 – 19 
1. Introduction  
Cardio Vascular Diseases (CVDs) are the number one cause of death globally, more people die annually 
from CVDs than from any other cause. An estimated 17.3 million people died from CVDs, representing 30% of all 
global deaths by World Health Organization (WHO) [22].The main heralds of CVD are smoking, obesity, 
hypertension and a disturbed serum lipid profile. The therapy evaluation and clinical data analysis are important to 
the cerebrovascular and cardiovascular abnormalities diagnosis. Measurement accuracy and geometric 
understanding of common carotid artery (CCA) play an important role in carotid atherosclerosis assessment and 
management, which requires accurate segmentation.
Conventional 2-D ultrasound has used in the assessment of plaque morphology. However, due to 
insufficient image contrast and to the variability of conventional 2-D ultrasound exams, accurate assessments of 
morphological plaque changes are difficult such as volume and surface irregularity. Because it is difficult to 
reposition the 2-D image of the plaque, monitoring the changes in the development of the plaque over long periods 
of time using conventional 2-D ultrasound is problematic. In addition, the reconstruction of a 3-D impression of the 
vascular anatomy and the plaque using multiple 2-D images is time consuming and prone to variability and 
inaccuracy.
Three-dimensional (3D) ultrasound is used to improve the visualization and quantification of complex 
anatomy and pathology to monitor the progression of atherosclerosis. Non-invasive and reproducible 3-D imaging 
techniques that allow for the direct visualization and quantification of plaque development are becoming more 
important in serial monitoring of disease progression and deterioration. The characterization of carotid plaques in 
three dimensions will potentially improve investigations into the changes of surface morphology, plaque geometry, 
and plaque distribution and these can provide important information about the effects of anti-atherosclerotic 
therapies.
The classical image segmentation techniques uses the information regarding texture, shape, contours, etc., 
perform well when the images are simple, less noisy. However, in the domain of medical images, it is found that the 
objective function is usually much complex. Thus, application of several classical techniques becomes limited. 
Bastida-Jumilla M.C.et al. [1], suggested the segmentation method which is used to measure the IMT by using 
anisotropic diffusion or geodesic active contours. Chan, R.C. et al [2], developed a new method for B-mode 
ultrasound image processing that uses all available image data for anisotropic noise suppression. It is currently being 
extended to 3D carotid image data as well as to RF ultrasound data. 
Dana E. ilea [4], developed a fully automated segmentation method for common carotid artery which has 
an automatic threshold technique to detect the region of interest and Gaussian filtering scheme in order to remove 
the speckles and artifacts from the ultrasound image. Faita, F. et al [5], developed a method to evaluate the Intima-
media thickness based on the First Order Absolute Moment and the result has compared using regression analysis 
and Bland Altman analysis. An automated technique for the carotid segmentation based on Hough Transform has 
been developed by Golemati et al [6]. It is used to identify the CCA in both longitudinal and transverse images 
without user intervention. But it can identify only the horizontal and vertical vessels. However, B-mode ultrasound 
images consist of curved and inclined CCA.
Ilea et al. [7], described a Computer Aided Detection (CAD) algorithm that is able to segment and measure 
the IMT in ultrasound carotid images. It is a fully automated technique and used to identify the two interfaces of 
IMT without any user intervention. Here the segmentation is based on spatially continuous vascular model. The 
different generation of segmentation methods and the software used for medical image segmentation has been 
described by Koles1, Z.J. [8]. In order to reduce the manual tracing problem in segmentation, various technique 
have been described to perform automated Intima-media segmentation such as a multiscale dynamic programming 
developed by Liang Q. et al. [9] it requires retraining whenever the change takes place in the characteristics of 
image.
The snakes segmentation technique developed by Loizou C.P.et al.[10] also used for detecting intimal layer of 
the far wall of the CCA in longitudinal images. However, it requires manual interruption to select the region of 
interest.Maulik, U. [11], described the detailed survey of the applications of genetic algorithms (GA) in medical 
image segmentation. The selection of the different genetic operators as well as the termination criteria are important 
issues in GAs. Often, these are tuned manually, and require a large amount of expertise as well as experience.
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Molinari, F. et al [12], described a completely automated layer extraction technique for the segmentation named 
as CALEXia which is an integrated approach that used to extracting the carotid adventitial walls. There are several 
segmentation method used for diagnosing ultrasound carotid artery images which are used in both fully automatic and 
semi-automatic manners [14-16]. Selzer, H.et al [17], developed the computerized edge-tracking multi frame 
technique that automatically determine the arterial diameter and highly reproducible. In case of semi-automated 
method there is a need of manual intervention which causes error in measurement.
Stanley Osher et al. [19], suggested the segmentation methods which contains television regularized energies. 
For the mean curvature motion problem, the Split Bregman approach is found to be more efficient than other 
methods, including techniques based on graph-cuts. In addition to its speed, the Split Bregman approach has the 
advantage that it can solve isotropic segmentation problems, and does not require any regularization. Recently, FPGA 
technology is used in the implementation of algorithms for image processing. Chetan, S. [3], developed a real time 
hardware for image segmentation with resource optimized adaptive median filter (AMF). The edge can be detected 
using sobel operator and the resource utilization of segmentation is 50% less compared to the AMF.
The implementation of image processing algorithm in dedicated hardware create several advantages particularly 
in terms of resource, power consumption, quality of the results and costs. Ratnayake, K. et al.[13], developed a robust 
real-time, scalable and modular Field Programmable Gate Array based implementation of a spatiotemporal
segmentation of video objects. The hardware implementation achieved an optimum processing speed of 133 
MPixels/s while utilizing minimal hardware resources. 
Roy Cardinal .M.H et al. developed a new three dimensional (3-D) intravascular ultrasound segmentation 
technique based on the fast-marching method and uses gray level probability density functions (PDFs) of the vessel 
wall structures. The gray level distribution of entire intravascular ultrasound pullback was modelled with a mixture of 
Rayleigh PDFs. The multiple interface fast-marching segmentation has been used to compute the lumen, intima plus 
plaque structure, and media layers of the vessel wall simultaneously.
In this paper, the contribution has been made to implement the segmentation of 2D and 3D ultrasound carotid 
artery image using Aphelion Dev real time software with a dedicated hardware. The segmented intima-media 
interface of abnormal CCA image using threshold method has been implemented in Unified Technology Learning 
Platform kit which increases the speed of processing an image. The implementation of image processing algorithm in 
dedicated hardware creates several advantages particularly in terms of resource, speed, power consumption and costs. 
The main aim of this paper is to implement the segmented image in hardware which offers the minimum resource 
utilization and modifications to the algorithm are made if needed, so that it provides reconfigurable aspect.
2. Methodology 
2.1. Image Acquisition 
The ultrasound scanner with the broadband compact linear array transducer has been used for the data 
acquisition of the image. In order to obtain the similar images, the transducer has placed at the beginning of the 
bifurcation of common carotid artery (CCA). The obtained images have been stored in a PC for further processing.
2.2. Enhancement Technique 
The ultrasound image has the problem of low contrast between the anatomical structures due to low echo 
responses of ultrasound. It results that the subjects are not easily distinguishable. In order to get better and meaningful 
segmentation need to improve the quality of images. The Histogram Equalization method [14] has been used to 
improve the appearance of the CCA image without affecting the structure.
2.3. Detection of Region of Interest (ROI) 
The ROI defines the portion of the image where the Intima-media is located. The area situated above and below 
the interface that separates the blood and the tissue of the vessel has been considered as region of interest. Parameters 
concern to the lumen and the Intima-media considered to identifying ROI correctly. A semi-automated technique has 
been used to detect the ROI which requires manual intervention to discover the far wall of the CCA. 
2.4. Pre-Filtering Method 
The identified image region has been pre-filtered before applying the threshold technique. This step is used to 
attenuate speckle noise which presents in the ultrasound image without disturbing any important features of the 
image. The Gaussian filtering technique [4] has been used in the removal of speckles. It results the smoothed image of 
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common carotid artery far wall. The filtering has been performed based on a convolution using a kernel size of 3 and 
the standard deviation (ı) of 0.75.  
       The steps in processing of developed technique as shown in Fig.1.
Fig.1. Steps in processing with the hardware implementation
2.5. Threshold Technique 
The thresholding algorithm is applied to detect the borders between the two main image classes such as the
lumen and the carotid artery tissues. Here each individual pixel has been set to 1with a value between a lower and 
upper bound otherwise set to 0. The thresholds are inclusive, so the output value is,
( ) ( )( )hiThreshjiinloThreshjiinIf dt ,Im&&,Im
then ( ) 1,Im =jiout (1)
else ( ) 0,Im =jiout
The output image is a binary image, with values 0 and 1. The lower and upper bound range has been set as 85 
and 120 respectively which extract the lumen-intima interface.
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